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Neurokinin-1 receptor antagonist aprepitant and
radiotherapy, a successful combination therapy in
a patient with lung cancer: A case report
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Abstract. Lung cancer (LC) is the leading cause of cancer
death and is responsible for more than one-quarter (27%) of all
cancer deaths. Non-small-cell LC (NSCLC) is the main histo-
logical subtype of LC and is the leading cause of mortalities
associated with cancer. This case report focused on a patient
showing a history of chronic obstructive pulmonary disease
(COPD) with a NSCLC squamous cell carcinoma (single
mass with a diameter of 8x7 cm, without metastasis). Due
to the COPD, neither a surgical treatment (pneumonectomy)
nor chemotherapy was possible. After 15 days following the
diagnosis, the patient was treated for 45 days with radiotherapy
and the neurokinin-1 receptor, aprepitant (compassionate use,
1,140 mg/day). Radiotherapy was administered to the right lung
and mediastinum, reaching 50.4 Gy and then overprinted to
65 Gy. In each successive control, the tumor volume decreased
and, after 6 months of treatment, the chest computed tomog-
raphy scan showed that the tumor mass had disappeared. No
side-effects were observed during the combination therapy; in
contrast, the patient was in very good general health with a
weight gain and showing no biochemical analytical alteration.
This case report suggests a witness episode to the antitumor
effect of aprepitant/radiotherapy against NSCLC. Urgent
development is required for clinical trials to test the combina-
tion treatment (radiotherapy and aprepitant) as an antitumor
therapy for patients with LC.
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Introduction

Lung cancer (LC) is the primary cause of cancer-related deaths in
the western world, LC being responsible for more than one-quarter
(27%) of all cancer deaths (1). Non-small-cell LC (NSCLC) is
the main histological subtype of LC and the leading cause of
cancer death (2). The last few decades have seen no significant
progress in extending the survival of LC patients despite the
multiple clinical trials using cytotoxic chemotherapeutic agents,
anti-growth factor-signaling agents and/or radiotherapy (3).
Because cytostatic drugs are not specific against cancer cells, they
show a low safety profile and cause severe side-effects. Cancer
research must now focus on strategies showing similar or higher
antitumor effects, but with far fewer side-effects. Thus, safer and
more specific/effective drugs against LC must be investigated
along with the seeking and identification of novel molecular
targets that destroy cancer cells.

One of these novel molecular targets could be the substance
P (SP)/neurokinin-1 receptor (NK-1R) system (4-6). This system
is known to play an important role in cancer (e.g., neuroblastoma,
retinoblastoma, melanoma, hepatoblastoma, LC, etc.) (4-6). It
has been reported that SP and NK-1R antagonists [aprepitant
(Emend®), L-733,060, L-732,138] promote the proliferation
and inhibition of human NSCLC and small-cell LC (SCLC)
cells (5,6), respectively. Both human LC cells express isoforms
of the NK-IR and mRNA for the NK-1R; they overexpress the
tachykinin 1 gene; NK-1R is also known to be involved in their
viability (5,6). In a concentration-dependent manner, NK-1R
antagonists inhibited the growth of NSCLC and SCLC cell
lines, the action being mediated by the NK-1R (inducing LC
cells to die by apoptosis) (5,6). All together, the data suggest that
the NK-IR is a promising target in the treatment of cancer (e.g.,
LC) and that NK-1R antagonists behave as potential antitumor
drugs. The NK-1R antagonist aprepitant was administered here
because it is a drug currently administered in clinical practice for
the treatment of nausea and vomiting induced by chemotherapy
and because it is safe and well-tolerated (7-9). Thus, aprepitant
is a good candidate to be tested in patients in which neither
a surgical treatment (pneumonectomy) nor chemotherapy is
possible. This is the case of the patient studied here.
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Figure 1. Whole body PET. (A) This image was taken when the patient was diagnosed with NSCLC. An intense FDG uptake was visualized in the lower portion
of the right upper lobe (7x8 cm; arrow). Note that, in the heart, the FDG uptake was very low. (B) Six months after the treatment was started. The great lung
pathological focus, observed six months before, is not evident. The intense FDG uptake observed in Fig. 1A, in the right lung, disappeared and only a diffuse
uptake of FDG was observed. By contrast, the heart (arrowhead) showed a higher FDG uptake (physiological uptake) than that showed in the right lung, but
similar to the uptake of the tumor mass when the patient was diagnosed. In both images, the rest of the FDG uptake was located in the excretory system.

Case report

Patient and treatment. Male (76 years; height: 187 cm; body
weight: 82 kg) diagnosed with squamous cell carcinoma in
the right main bronchus up to 2-cm from the carina. About
8x7 cm in diameter and, according to the PET, forming a
single mass without metastasis (Fig. 1A). No mediastinal
lymphadenopathy. Performance status (PS): Moderate.
Respiratory function tests showed that the patient was, at the
limit, for pneumonectomy. Histopathology: Moderate differ-
entiated squamous cell carcinoma. CEA (carcinoembryonic
antigen): Normal. Diagnostic: NSCLC. Staging of the patient
was T4AN3MO. Surgical treatment (pneumonectomy) was not
possible due to the proximity of the tumor mass to the right
main bronchus and because the patient had chronic obstructive
pulmonary disease (COPD) with limited respiratory functions
(the patient needed non-invasive mechanical home ventila-
tion). Thus, chemotherapy was not possible either. Treatment:
Combination therapy with radiotherapy and the NK-IR
antagonist aprepitant (compassionate use). The treatment was
authorized by the Spanish Medication Agency and the Spanish
Ministry of Health. Regime of the treatment was (45 days): 1)
Radiotherapy on the right lung and mediastinum (reaching
up to 50.4 Gy (25 sessions) and then overprinted to 65 Gy
(8 additional sessions) and 2) administration of aprepitant
(1,140 mg/day). Thus, fifteen days after diagnosis, radiotherapy
and aprepitant were administered simultaneously. According
to the results obtained during in vitro pre-clinical studies, the
amount of the NK-1R antagonist used in these studies (20 uM
approximately) (10,11), was extrapolated to the patient studied
here.

Clinical course. Three weeks after treatment was started
(Table I), no side-effects from aprepitant were observed. The

evolution was, from a clinical point of view, good. Karnosfky: 90.
Good appetite. The patient increased in body weight from 82 to
87 kg. Physical examination: Good PS, coloration and hydration
of skin/mucous membranes. Dry radiodermatitis: Field grade I.
In both lungs: No dyspnea or vesicular murmur. No lymphade-
nopathies. In abdomen, visceromegaly was not observed. Chest
CT showed a decrease of the lung mass (5.9x3.8 cm; initially
7x8 cm in diameter). The nodule of the posterior segment of the
right upper lobe was 4 mm, initially 7 mm. No other injuries
were observed. The hemogram revealed a discrete anemia (Hb:
10.6 g/dl). Leucopenia grade I (3,400 leukocytes). Platelet level:
Normal. The erythrocyte sedimentation rate (ESR) was reduced
from 95 to 27 mm. Biochemical tests: No alteration.

Five weeks after the treatment started (Table I), the phys-
ical examination showed a very good PS. Body weight: 90 kg.
No dyspnea or expectoration. Good appetite. Exploration:
Sibilants in the entire right lung. No peripheral adenopathy.
Abdomen did not show visceromegaly. ESR: 25 mm. Hb:
10.6 g/dl. Leukocytes: 5,200. Glycaemia, transaminases, GGT
and alkaline phosphatase: Normal levels. Chest CT scan:
Right hemitorax, the pulmonary effusion increased as well
as density at the level of the lower lobe, showing undefined
borders and a tendency to coalesce. The right supraparahilar
mass did not show variations and loss of volume associated
with the right lobe was not found.

Six months after the treatment started (Table I; Fig. 1B), the
patient showed a very good PS. Weight: 90.4 kg. No dyspnea
or spitting. Good appetite. Exploration: Wheezing or sibilants
in the entire right lung. Left lung: Normal pulmonary auscul-
tation. No peripheral lymphadenopathy or visceromegalies.
ESR: 25 mm. Hb: 13.5 g/dl. Leukocytes: 5,200. Chest CT scan:
Right upper lobe collapse. Pleural effusion of medium-low
quantity. No tumor mass was observed. Hilum and mediastinal
adenopathies were not observed. In the right lung, PET showed
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a great decrease of the uptake which was seen to be diffused
(Fig. 1B) compared to that observed when the patient was first
diagnosed with LC (Fig. 1A). In summary, excellent response
to treatment. No current neoplastic activity was observed.

One year later (Table I). PS: Good (e.g., the patient walks
frequently). No dyspnea. Dry cough without changes. Appetite:
Not good, but the patient has maintained the weight gained.
Physical examination showed no peripheral adenopathy. Left
lung: Normal pulmonary auscultation. The patient did not
ventilate the right lung, because an atelectasis appeared due
to radiotherapy. Abdomen did not show visceromegaly. Hb:
10 g/dl. ESR: 46 mm. Normal hepatorenal biochemistry.
Antigen squamous cells: 1.20. Chest CT scan showed that the
right lung decreased in size, due to radiotherapy, and no sign of
recurrence in the lung/mediastinum was observed.

Two years later. Chest CT scan showed that the right lung
decreased in size due to radiotherapy. Compensatory pleural
effusion, without masses or ganglia, was observed. Lung or
mediastinum: No sign of recurrence was observed. Abdomen
CT scan: Normal. In summary, no sign of LC.

Three years later. Similar results to those observed at two
years. Due to causes not related to NSCLC, the patient died.

Discussion

The current treatment for NSCLC is surgical intervention,
chemotherapy and radiotherapy. However, the patient studied
here could not be treated surgically because of having chronic
obstructive pulmonary disease (COPD) and, due to the poor
prognosis of the disease, chemotherapy was not administered.
Thus, the impossibility of carrying out either surgical treatment
or the administration of chemotherapy, darkened the prognosis.

Attempting to improve his life expectancy and according
to the results obtained in pre-clinical studies (10,11), the
NK-1R antagonist aprepitant was administered (compas-
sionate use). The amount of the NK-IR antagonist used in
these pre-clinical studies (20 uM approximately) was extrapo-
lated (1,140 mg/day) to the patient studied here. Moreover,
in other pre-clinical study, it was fully demonstrated that
aprepitant, in a concentration-dependent manner, promoted
the apoptosis of NSCLC cells (tumor cells die by apoptosis);
that these cells overexpress the NK-1R and that the NK-IR is
involved in its viability (5). In a clinical trial to treat moderate
to severe depression, it was found that a dose of 300 mg/day
of aprepitant was safe, well-tolerated and showed side-effects
similar to the placebo (7). It is also known that administra-
tion of aprepitant (375 mg/day) to HIV patients for 2 weeks
was safe, well-tolerated and decreased the number of CD4*
PD-1-positive cells along with the plasma level of SP (8). It
is known that LC cells express PD-L1 (12). Additionally, it
has been reported that a patient, unmanageable to all stan-
dard antiemetic therapies, suffering from breast cancer brain
metastasis, received aprepitant (80 mg/day; initially for seven
months) followed by an increase to 120 mg of the drug every
third day. In this patient, clinical conditions were improved,
the level of the CA153 tumor marker decreased (from 187 to
122), no side-effects and good control of nausea/vomiting were
observed (13).

It is known that the PET technique, using labeled fluoro
deoxy glucose (FDQG), is based on the Warburg effect. This

effect occurs in most cancer cells which pre-dominantly
produce energy by means of a high rate of glycolysis followed
by lactic acid fermentation (14). Growing cancer cells show
glycolytic rates up to 200 times higher than those of their
normal tissues of origin and this occurs even if oxygen is plen-
tiful (14). SP, in a concentration-dependent manner, promotes
glycogen breakdown and favors the Warburg effect and then
the glucose obtained would be used by cancer cells to increase
their metabolism (4). NK-1R antagonists inhibit this effect
which means that the action is mediated by the NK-1R and
that these antagonists could produce death of cancer cells by
starvation (4,15). NSCLC express SP and NK-1Rs and hence
aprepitant could block the glycogen breakdown in these cells,
counteracting the Warburg effect (4). Currently, the Warburg
effect is exclusively applied in clinical practice for diagnosis
(PET); however, it is also possible to take advantage of this
mechanism (as an antitumor strategy) by using NK-1R antago-
nists (e.g., aprepitant) (4).

It is also known that radiotherapy elicits neurogenic
inflammation (vasodilatation, increase the permeability of
blood vessels, extravasation of plasma proteins) and that
this inflammation is mediated by the NK-1R (4). Thus, it
seems that aprepitant could exert a dual effect: Antitumor
activity (against the NSCLC cells overexpressing the
NK-1R) (4-6) and to decrease the side-effects promoted
by radiotherapy (16). In the patient studied here, aprepitant
could have exerted this dual effect. This idea is in agree-
ment with the results found here, since the patient did not
have nausea/vomiting and showed good general health
condition (it has also been reported that aprepitant exerts an
antidepressant action) (7). Moreover, despite radiotherapy,
the anemia did not get worse and only presented leucopenia
grade I (3,400 leukocytes). Two weeks after the treatment
was started, the number of leukocytes returned to normal
values. In biochemical tests, no alteration was observed due
to the treatment with aprepitant. This means that aprepitant
(1,140 mg/day for 45 days) was safe and well-tolerated and
that the combination therapy of radiotherapy and aprepitant
(this NK-1R antagonist promotes the apoptosis in cancer
cells overexpressing the NK-1R) (4-6,9-11) could be a good
strategy against LC.

Finally, the USA National Comprehensive Cancer Network
(NCCN) recommends that the best management for cancer
patients (having a median overall survival of approximately
1 year) and in which current therapeutic strategies failed, is
to be included in clinical trials testing new antitumor strate-
gies (17). In this case, the NCCN encourages the participation
of these patients in clinical trials. Thus, the case studied here
opens the door to develop in patients with LC a clinical trial to
test the use of aprepitant alone or in combination therapy with
radiotherapy.
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